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Abstract 
Chatter vibration can be monitored by using external sensors such as acceleration sensors and dynamometers. However, from the
viewpoint of reliability, using external sensors leads to an increase in failure rate. Therefore, we developed a disturbance observer
theory–based method for the detection of chatter vibration, and confirmed its validity experimentally. The developed method does
not require the use external sensors. In this study, a system for the in-process suppression of chatter vibration is developed by
applying the abovementioned detection method. In a milling test, conducted to verify the developed system, it was found that
chatter vibration was successfully suppressed by automatic adjustments to the cutting conditions. 
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1. Introduction 
Chatter vibration results in poor machined surfaces, 
reduced tool life, and damage to machine tools [1-3]. 
The detection and suppression of chatter vibration is 
important for precise and efficient machining. Several 
methods to suppress the chatter instability in end milling 
have been proposed.  
The widely used method is the prediction of chatter 
stability lobes and maintaining the cutting parameters in 
a range such that the system remains stable [4], [5]. 
Accurate modeling of dynamic systems and 
identification of the modal parameters is essential when 
chatter stability lobes are used. However, vibration 
models vary depending on the cutting conditions, 
machine tool structures, and cutting tools. Moreover, it 
is difficult to identify the modal parameters with high 
accuracy.  
Generally, external sensors are used for monitoring 
chatter vibration, such as acceleration sensors and 
dynamometers [6], [7]. This method could possibly 
detect of the growth of chatter vibration and suppress it 
through real-time changes in the cutting. However, from 
the reliability viewpoint, the use of external sensors 
leads to increase in failure rate. Therefore, a disturbance
observer theory–based chatter vibration detection
method has been proposed [8]. The disturbance observer
can estimate the disturbance torque from both the current
reference and the angular velocity measured by a rotary
encoder [9]. Because chatter vibration induces
fluctuations in the disturbance torque, it is possible to
detect the chatter vibration by using the disturbance
observer.  
Moreover, Kakinuma et al. showed that chatter types
such as forced and self-excited chatter vibrations, can be
discriminated using a digital filter [8]. According to the 
frequency range of each filter, which is designed based
on the cutting condition, and the resonance point of the
tool system, the estimated disturbance torque can be
classified into self-excited and forced type.  
In this study, a method for the suppression of chatter
vibration has been proposed by employing the
disturbance observer. The validity of the proposed
method has been evaluated experimentally. 
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2. Detection and suppression of chatter vibration 
2.1. Detection of chatter by disturbance observer 
Figure 1 shows the block diagram of the disturbance 
observer that is employed for the detection of chatter 
vibration. Iaref [A] denotes the current reference and ω
[rad/s] is the angular velocity of the spindle motor. The 
dynamics equation for a machine tool spindle is given by 
Eq. 1. 
)( refatml IKTTdt
dJ ==+ω
 (1) 
where 
   J: inertia of the spindle [kg/m2] 
   Tl: load torque [Nm] 
   Tm: motor torque [Nm] 
   Kt: torque coefficient of the spindle motor [Nm/A] 
In practice, the inertia and torque coefficient values 
usually contain a certain degree of error. The parameter 
variations from their nominal values are defined in Eq. 2. 
JJJ n Δ+= , ttnt KKK Δ+= , (2) 
where Jn and Ktn are the nominal inertia and the 
nominal torque coefficient, respectively. ΔJ and ΔKt are 
the errors of the nominal parameters. When the 
parameter variation and load are treated in the torque 
dimension, the disturbance torque (Tdis) is obtained as 
follows.  
ref
atldis IKJsTT Δ−Δ+= ω  (3) 
Upon substituting Eq. 2 and 3 in Eq. 1, we obtain the 
following Eq. 4. 
dt
dJIKT n
ref
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ω
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 (4) 
Therefore, the disturbance torque can be estimated 
using both the current reference and the angular velocity 
of the machine tool spindle. However, a simple 
differentiation of the motor spindle speed results in 
larger noise in the high-frequency range, which would 
require the use of a low-pass filter (LPF) for its 
suppression. 
disdis Tgs
gT
+
=
ˆ
, (5) 
where g denotes the cut-off frequency of a first-order
LPF. The presumable frequency bandwidth is
determined by the parameter g. Hence, it should be set
higher than the chatter frequency in order to estimate the
high-frequency disturbance torque caused by the chatter
vibration. 
 
Fig. 1. Block diagram of disturbance observer. 
Chatter vibration is generated because of the
variations in cutting torque that occur due to the
fluctuations in cutting depth. Therefore, the chatter
vibration can be detected by monitoring the estimated
disturbance torque. The proposed method does not
utilize any additional equipment, thus reducing the
failure factor and enhancing the reliability of the
detection system for chatter vibration. 
2.2. Method for distinguishing among types of chatter 
using digital filter 
In this study, a method for categorizing chatter
vibration using a digital filter [8] has been applied. Fast
Fourier transform (FFT) is generally used to detect
chatter vibration. However, in the case of chatter
vibration that changes unsteadily and quickly, FFT
analysis is unsuitable for real-time detection because it
requires considerably more time than does digital
filtering. Therefore, digital filtering is more suitable for
the real-time discrimination of chatter vibration types.  
The discrimination method is based on the
experimental result that chatter vibration has a tendency
to occur near the resonance frequency of the machine
tool spindle. Specifically, this becomes forced vibration
when the vibration frequency corresponds to the
harmonic tooth passing frequency, because forced
vibration is caused due to interrupted cutting. However,
if the chatter vibration occurs near the resonance
frequency, but its frequency does not correspond to the
harmonic tooth passing frequency, it is self-excited
chatter vibration. Therefore, based on these results, an
algorithm for the discrimination of chatter vibration can
be formulated, as shown in Fig. 2. 
The estimated disturbance torque is classified into
three types of vibrations: high-frequency, self-excited
chatter, and forced. A band pass filter (BPF) is designed
for filtering the disturbance torque component around
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the resonance frequency of the machined tool spindle. A 
notch filter (NF) is used to extract the self-excited 
chatter component by blocking the forced component 
attributed to the tooth passing frequency. Vibration with 
sufficiently-higher frequency than resonance frequency 
is categorized as high-frequency vibration.  
 
 
Fig. 2. Algorithm for classifying disturbance torque into three vibration 
types. 
 
 
Fig. 3. Flowchart for chatter vibration detection and suppression system.
2.3. In-process suppression of chatter vibration 
Several approaches to the real-time suppression of 
chatter vibration have been documented. For example, 
spindle speed variation (SSV) is a well-known technique 
for suppressing regenerative machine tool vibrations. In 
recent years, this strategy is becoming more important 
due to the advances in fields such as computers, sensors, 
and actuators. However, it is considered to be effective 
only for low spindle speeds [10], [11]. In this study, SSV 
is unsuitable because the milling test is performed at 
high cutting speed. Therefore, an alternate method is 
developed and its details are discussed as follows. 
Figure 3 shows the operational flowchart of the 
system for the detection and suppression of chatter 
vibration. Initially, an absolute value is computed from 
each discriminated chatter component. Then, the moving 
averages of the chatter components (Tave_HPF, Tave_self, 
and Tave_ forced) are used to emphasize the trend of chatter
growth and to smooth out the fluctuations of the
disturbance torque signals. Each moving average
deviation is calculated from the previous 400 samplings
of closing data (0.1 s). 
Two threshold values are prepared for monitoring the
stability of the cutting process. Once a moving average
deviation exceeds the upper threshold, the system detects
that chatter vibration has occurred. Then, when the
average moving deviation falls below a lower threshold
value, the cutting process is identified as chatter-free. 
Single threshold–based identification becomes
unsteady when the signal fluctuates near the threshold.
Hence, from the viewpoint of reliability, two threshold–
based identification of chatter is more suitable for chatter
fluctuations rather than the single threshold–based
method. The threshold values are set in advance from the
experimental results. 
START
Calculate each moving average deviations 
Filter disturbance torque
Estimate disturbance torque
Tave_HPF > Tave_self, Tave_forced
Tave_HPF > 3.5
Chatter Type = High-frequency
OR Chatter Type 
= High-frequency
Chatter Type 
= No Chatter Tave_HPF < 3.0
Tave_self > Tave_HPC, Tave_forced
Tave_self > 2.0
Chatter Type = Self-excited
OR Chatter Type 
= Self-excited
Chatter Type 
= No Chatter Tave_self < 1.5
No
No
Yes
Yes
No
No
No
Yes
Yes
No
Tave_forced > Tave_HPC, Tave_self
Tave_fprce > 5.0
Chatter Type = Forced
OR Chatter Type 
= Forced
Chatter Type 
= No Chatter Tave_forced < 4.5
No
No
Yes
Yes
No
END
High-frequency
Self-excited chatter
Forced
No chatter
Decrease / Increase
Rotational speed and feed rate
(㼼1%)
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The chatter type is determined at every sampling time. 
The moment the chatter vibration is detected, the 
rotational speed and feed rate are overridden. Here, the 
rotational speed and feed rate are changed to keep the 
feed per tooth constant according to the override ratio. In 
the rest of this paper, the developed system is called 
“override.” Once the override is carried out, a time 
interval is set by the next override. This interval is 
necessary to confirm whether the chatter vibration is 
suppressed or not. If the time interval is not sufficient, 
the successive override is carried out quickly at the next 
sampling before the previous chatter is fully suppressed. 
3. System configuration 
Figure 4 shows the configuration of the proposed in-
process detection and suppression system. A three-axis 
vertical machining center is prepared. The current 
reference of the spindle is read out from the spindle 
servo amplifier in a machining center through an analog-
to-digital (AD) converter. The angular velocity of the 
spindle is measured by a rotary encoder. The disturbance 
torque acting on the spindle can be estimated from both 
the current reference and the angular velocity. The 
sampling time is set to be 250 μs. Hence, the frequency 
range of the vibration in the disturbance torque can be 
measured up to 2 kHz from the Nyquist-Shannon 
theorem. In order to override the rotational speed and 
feed rate, the machining center is connected through an 
I/O board to a NC controller. The override command is 
issued by the PC. The override time interval is set to 0.1 
s. The specifications of this system are summarized in 
Tab. 1. 
4. Verification of proposed method 
4.1. Side milling test 
In order to evaluate the validity of the proposed 
method, two down-milling tests of A2017 aluminum 
alloy were carried out on a three-axis vertical machining 
center. A square end mill cutter with a diameter of 10 
mm was used. The size of machined surface was 100× 
22.5 mm (length × height), as shown in Fig. 5. The other 
cutting conditions are summarized in Tab. 2.  
Initially, before conducting the side milling test, an 
impulse force response test was performed in order to 
measure the resonance frequency of the spindle along 
with the end mill cutter. The result showed that the 
resonance frequencies were 831 Hz and 2280 Hz. Then, 
from these resonance frequencies, the frequency bands 
of the BPF and the HPF were designed, as shown in Tab. 
3. The cut-off frequency of the NF was determined 
according to the rotational speed. In this test, the cut-off 
frequency of the NF was set to 853 Hz, which is the 
closest harmonic frequency to the resonance frequency 
of 831 Hz. On the other hand, vibration attributed to the
resonance frequency of 2280Hz is detected through the
designed HPF. 
The experimental results for the application of the
proposed system are presented below. The suppression
tests were carried out using two methods. The first
method decreases the rotational speed and feed rate the
moment chatter vibration is detected. The other method
increases these parameters at the instant of detection of
chatter vibration. In the rest of this paper, these methods
are called speed-down and speed-up suppression
methods, respectively. 
 
Fig. 4. System configuration for in-process monitoring. 
Table 1. Specifications of in-process monitoring system. 
Rotary encoder resolution 1024 pulses/rev 
Torque reference resolution ±25 Nm/4096 pulses 
Cut-off frequency of disturbance observe 3500 rad/s 
Sampling time 250 μsec 
Clock of counter board 10 MHz 
Time interval of override 0.1 s 
Override range 75%– 125% 
 
Fig. 5. Schematic of side milling test. 
Table 2. Cutting conditions of side milling test. 
Rotational speed min-1 6400 
Feed rate mm/min 1120 
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Radial depth of cut mm 0.3 
Axial depth of cut mm 22.5 
Tool Square end mill  
(ĳ10 mm) 
Number of tooth 2 
Type of cut Down milling 
Workpiece Aluminum alloy (A2017) 
Table 3. Frequency bands of designed digital filter. 
FIR Filter Pass band 
High-pass filter  HLPF 1600 Hz ~ 
Band-pass filter HBPF 600 ~ 1000 Hz 
IIR Filter Pass band 
Notch filter HNF except 853 Hz 
4.2. Side milling test 
In the tests, initial rotational speed was set to 6400 
min-1 (= 670 rad/s). First, the speed-down method was 
applied. Figure 6-(a) shows a machined surface after the 
side milling test. A roughness curve within the 
evaluation length of 25.4 mm, which was measured by a 
stylus type surface roughness tester, is shown in Fig. 6-
(b).  
As shown in Fig. 6-8, the chatter vibration is 
successfully suppressed in the case of the speed-down 
method. As soon as the milling starts, self-excited 
chatter vibration is generated and immediately detected 
by the proposed detection system. Then, the rotational 
speed and feed rate are decreased repeatedly and 
automatically until the chatter vibration is suppressed. 
The angular velocity of 610 rad/s (override of 91%), 
which is maintained at the end, is a stable cutting 
condition. Moreover, to observe the moving average 
deviation in detail, the main type of chatter vibration is 
transformed from self-excited type to high-frequency 
type. On comparing Fig. 7 with Fig. 6, we can see that 
the roughness curve of the machined surface does not 
show a change similar to the change in the disturbance 
torque. However, on comparing Fig. 8 with Fig. 6, the 
surface roughness curve and the main type of chatter 
vibration undergo changes similar to each other. These 
results indicate that the variation of the machined surface 
has a relationship with the main chatter vibration type. 
Secondly, Fig. 9-11 show the experimental results 
when the speed-up suppression method is applied. These 
results also indicate the validity of the proposed method. 
In this test, there is a delay of approximately 0.3 s before 
the start of the suppression because the growth of the 
self-excited chatter vibration is slower than that in the 
milling test applied to the speed-down method. However
once the suppression began, the type of chatter vibration
changed to the self-excited type, then to high-frequency
type, and the cutting process finally stabilized. The delay
in suppression is expected to be decreased by re-setting
the threshold values. Moreover, similar to the speed-
down test, the variation of the classified disturbance
torque has the same tendency of surface roughness of the
actual machined surface in the range of an evaluation
length of 25.4 mm. 
Therefore, from the above results, the estimated
disturbance torque serves as sufficient information to
adjust the cutting conditions and suppress the chatter
vibration automatically. To increase the accuracy of the
proposed system, it is necessary to override after a
shorter interval than that used in this study (0.1 s).
However, if the time interval is too short, the chatter
vibration cannot be suppressed because the cutting
conditions are changed before the system discriminates
whether chatter is completely suppressed. 
5. Conclusion 
In this study, a novel method to detect and suppress
chatter vibration in milling has been developed. Further,
its validity in milling tests is evaluated. The obtained
results are summarized as follows. 
1. Chatter vibrations can be suppressed in real-time by
feeding back the information of the disturbance
torque to the NC controller and adjusting the cutting
conditions. 
2. The variation of the machined surface roughness has
a relationship with the main chatter type. Only the
estimated disturbance torque is not enough to verify
it. 
In future approach, it is important to consider the
possibility of the most optimum method and theoretical
approach that can suppress forced and self-excited
chatter vibrations separately because the proposed
system employs the modal identification algorithm of
chatter.  
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Fig. 6. Machined surface and roughness curve after side milling test 
with proposed system in case of speed-down. 
 
Fig. 7. Estimated disturbance torque and angular velocity in speed-
down method. 
 
Fig. 8. Transition of the moving average deviations and modal 
identification of chatter vibration in speed-down method. 
 
Fig. 9. Machined surface and roughness curve after side milling test 
with proposed system in case of speed-up. 
 
Fig. 10. Estimated disturbance torque and angular velocity in speed-up 
method. 
 
Fig. 11. Transition of the moving average deviations and modal 
identification of chatter vibration in speed-up method. 
